The immediate and long-term effects of traumatic exposure and subsequent posttraumatic stress reactions in people in high-risk occupations are well-documented. What is less evident is the impact of this traumatic exposure and subsequent traumatic stress symptoms on workers' response to acute stress situations. This study aimed to examine the association between prior traumatic exposure related to policing, current posttraumatic stress symptoms and biological markers of stress, and subjective appraisal of stress before, during, and after exposure to acutely stressful stimuli.
A n important body of literature explores the issue of work-related distress in police officers and the presence of posttraumatic stress symptoms subsequent to exposure to critical events in the line of duty. Events most likely to cause high levels of traumatic stress include exposure to the gruesome death of others, [1] [2] [3] [4] the need to discharge a firearm, especially if it results in the death or injury of others, [5] [6] [7] and threats to themselves. 3, 4, 8 Symptoms reported include sleep loss, 5, 9 high levels of intrusion and avoidance symptoms such as fears and flashbacks, 1, 2, 5 and depression. 1 The degree of symptoms experienced by officers has been found to be related to the severity and proximity of trauma exposure 10 and the number of successive traumatic events to which they are exposed. 11 Of the multiple factors identified as mediating traumatic stress related to workplace duties, social support within the individual's personal network and within his or her organization, particularly from superiors, has emerged as a primary influence. [12] [13] [14] The long-term effects of traumatic exposure and subsequent posttraumatic stress reactions can include increased substance use, decreased performance, increased health risks, and disruption of family ties and social support networks. What is less evident is the impact of this traumatic exposure and subsequent traumatic stress symptoms on police officers' responses to acute stress situations.
Stress can result in both subjective psychological distress and a physiological response. From a psychological perspective, when the demands of any given situation are assessed as outweighing the resources of the individual, the situation is assessed as a threat to individual well-being and the response will be emotional distress or disease. 15 From a physiological perspective, academic interest in the response to stress has been long-standing 16 and, in recent years, has focused on the biological correlates of developing trauma symptoms after the exposure to high-stress situations, for instance, on the increase in cardiac activity as a response to stress in police officers. 17 Particular attention has been paid to the activation of the HPA axis that accompanies a sympathetic nervous system response and the resulting increase of cortisol release into the blood, urine, and saliva. [18] [19] [20] This increased release of cortisol appears to impair performance during acute stress. 21 However, ongoing traumatic symptoms appear to be associated with cortisol suppression. 22 Neyland and colleagues, 20 for instance, demonstrated that cortisol levels were inversely related to PTSD symptoms in a recent study of police officers. Further, it is suggested that reduced cortisol levels in response to high-stress events may be related to prior trauma exposure. 22, 23 Nevertheless, a study of police recruits investigating the impact of childhood trauma as a predictor biological response prior to and after exposure to traumatic stimuli found that recruits with childhood trauma had higher norepinephrine response but did not differ on cortisol response when compared with those without childhood trauma. 19 Thus, while it is clear that exposure to workplace trauma has an impact on police officers and it is clear that acute exposure to stressful events results in a biological response, the interaction among these factors remains uncertain.
In this study, we were interested in examining the association between prior traumatic exposure related to policing, current posttraumatic stress symptoms, and biological markers of stress and subjective appraisal of stress before, during, and after exposure to acutely stressful stimuli.
Method
This study was conducted on police recruits enrolled in the basic constable training program at the OPC. Participants had completed about 3 weeks of the 60-day program during this study. Participants were all volunteers solicited through study information letters distributed in classes to all 400 recruits in residence. Special care was taken to ensure that participation had no impact on the actual or perceived success in the OPC training program as approved by the University of Toronto Health Sciences Ethics Review Board. Eighty-four recruits from 14 different police services signed consent forms and subsequently participated in the study. Sixty (71.4%) were male, 38 (45.8%) were single, 31 (36.9%) were married, and 14 (16.7%) lived common-law. Respondents had a mean age of 30.31, SD 6.0, with a range of 21 to 44 years. They had been with their current police service for a mean of 9. 16 The research was conducted in 3 steps.
Step 1-Baseline Tests Baseline heart rates, cortisol, and subjective levels of distress were obtained prior to stressful exposure. In addition, participants completed a series of questionnaires targeting demographic data, history of traumatic exposure, social support, and current level of symptoms of traumatic stress.
Step 2-Simulation of a Stressful Encounter in Policing
Recruits participated in a scenario, using the FATS (Firearms Training Systems Inc, Suwanee, GA) simulator of the OPC. The FATS Law Enforcement training system was a tool designed to address judgmental use of force and marksmanship training. To address the officer's decision-making skills, FATS offers hundreds of video scenarios that incorporate the use of communications, empty-hand techniques, baton, chemical spray, and firearms. A realistic situation is projected from a ceiling-mounted projector onto a blank screen at the front of the simulation room. The simulation is then programmed to respond to the police recruits' actions (that is, communications, baton, chemical spray, and firearms). The scenario for this research was specially constructed yet was consistent with that which is a regular part of the training regime at the OPC. The scenario involved a 911 call to a domestic dispute in which the officer's entry is first barred by an aggressive male who subsequently allows the officer into the home and down a blind hallway. Upon entry to a room at the end of the hallway, an unresponsive female is discovered lying on the floor and the officer must determine the correct line of action. Possible considerations involve the ongoing presence of the perpetrator, the victim's need for medical attention, and the safety of the officer.
Step 3-Postscenario Reactions
Salivary cortisol samples and subjective measures of stress were obtained immediately after the scenario, after 20 minutes, and after 30 minutes. Heart rate was continuously measured from baseline to 20 minutes after the scenario.
Measures
Demographic information was obtained through a short questionnaire that assessed age, sex, years of previous police service, years of military service, and years of other emergency service.
The IES-R, 24 administered in the pretest stage, assesses the experience of posttraumatic stress for any specific life event.
It extracts dimensions that parallel the defining characteristics of the DSM-IV criteria for PTSD, which are signs and symptoms of intrusive cognitions and affects, together or oscillating, with periods of avoidance, denial, or blocking of thoughts and images. This scale is reported to have high internal consistency with a Cronbach's alpha of 0.86 and a test-retest reliability of 0.87. In this sample, the Cronbach's alpha was 0.95.
The CIHQ 25 assesses police duty-related trauma history by measuring the frequency of exposure to each of 34 critical incidents (for example, being shot at). A cumulative exposure score is derived. The measure has been tested on 55 officers and yields a test-retest reliability coefficient of 0.63. 25 The SPS is a brief (24-item), multidimensional self-report instrument that offers the possibility of discriminating between 6 distinct types of social support and assesses global support. 26 The measure was tested on a total of 1792 respondents, including psychology students, nurses, and teachers. The reported alpha level for the global support scale was 0.91. In this sample, the Cronbach's alpha was 0.83.
The STAI is the most commonly used assessment of stress manipulations, as it has been shown to be sensitive to acute stress manipulations. 27 The participants completed the State form of the STAI. The S-Anxiety scale consists of 20 statements (for example, "I am tense"), to which respondents indicate their level of agreement on a 4-point scale regarding how they feel at the given moment (1 = not at all; 2 = somewhat; 3 = moderately so; 4 = very much so). The internal consistency of the S-Anxiety scale is high, with an alpha of 0.92. 27 In this sample, the Chronbach's alpha was 0.87. In a previous study with paramedics, the STAI (State scale) was sensitive to anxiety increases that resulted from participation in acutely stressful simulated scenarios. 28 This measure was administered at baseline, just prior to the simulation, just after the simulation, and twice in the follow-up at 20 and 30 minutes postscenario.
Physiological Response Measures
Heart Rate. The time course of sympathetic nervous system activation was measured by a Polar heart rate monitor. 29 The information from the monitor was downloaded into a computer system to obtain a profile of the continuous heart rate of the participant. To allow for comparisons of the heart rate responses with the subjective anxiety (STAI) and cortisol responses, we calculated the average heart rate for discrete time periods. We calculated the 2-minute average heart rate at the times corresponding to the administration of the STAI (baseline, just prior to the simulation, just after the simulation, and 20 minutes postscenario), as well as the average heart rate during the scenario. We did not measure the heart rate beyond 20 minutes postscenario because levels would have returned to baseline by that time, owing to the speed of the autonomic nervous system responses. 18 Previous [30] [31] [32] [33] Salivary collection is a simple, noninvasive procedure. 34 Participants chew on a roll-shaped saliva collector (Salivettes, Sarstedt, Newton, NC) until the collector is saturated with saliva (about 30 seconds to 1 minute). The participants then place the collector in a collection tube, and the tube is frozen until analysis. Duplicate analyses of the salivary cortisol levels were conducted using an ELISA technique. 35 Saliva samples were collected twice at baseline and twice in the follow-up at 20 and 30 minutes postscenario. Because individuals have cortisol peaks at different times following a stressful event (20 to 40 minutes following the onset of a stressor), 18 the peak cortisol level postscenario was selected for subsequent analyses.
Results

Trauma and Exposure
Of the 84 participants, 79.3 % reported being exposed to at least one critical event. Twenty-four percent indicated that they had been seriously injured as a result of someone else's intention, 9.4% reported that they had been seriously beaten, and 42% had been seriously injured by accident. Eight percent had been present when another officer was intentionally seriously injured, one individual reported being present when another officer was accidentally killed, and 12% had been present when another officer was accidentally seriously injured. Eight percent reported being threatened with a gun, 3.6% had been shot at, 21% had been threatened with another weapon, and 9.6% reported that they had received threats against their families or loved ones in retaliation for their police work. Thirty-seven percent reported seeing someone die, 48% had encountered a recently dead person, 12% had encountered a decaying corpse, and 10.8% had encountered human remains.
Participants completed the IES-R. This revised version of the IES 36 contains all items previously included in the IES. IES scores were calculated for the purposes of comparisons with other groups reported in previous research. The IES is divided into 4 levels of severity. In this sample, 51.9% scored in the no to low symptom range, 15.2% scored in the moderate symptom range, 13.9% scored in the high range, and 19.0% scored in the severe range. The severe range has been found in other studies involving clinical interview measures to have symptoms at a level equivalent to a diagnosis of PTSD. 37 As a means of comparison, cross-sectional design studies have demonstrated that at any given time about one-quarter to one-third of paramedics 38, 39 and about one-quarter of firefighters 3,40 currently on the job are experiencing significant trauma symptoms at a level that is considered consistent with a diagnosis of PTSD. Thus, while these individuals were new to their current police force and hence were recruits at police college, they nevertheless had been exposed to multiple work-related stressors in previous jobs and had levels of traumatic stress symptoms consistent with other emergency service workers. In correlational analysis, however, there was no significant association between traumatic exposure as measured by the CIHQ and traumatic symptom scores as measured by the IES-R. 
Subjective Evaluation of Distress
The STAI was administered at baseline, just prior to the simulation, just after the simulation, and at 20 minutes and 30 minutes postscenario. Mean scores on this self-report inventory were highest immediately following the scenario and diminished with time after the scenario (Figure 1 ). Scores at each time period were significantly correlated with each other, suggesting consistency in self-reported stress among individual participants.
STAI scores in the 2 follow-up periods (Time 4 and Time 5) were significantly correlated with scores on the CIHS (r = 0.266, P = 0.01 and r = 0.326, P = 0.001, respectively) but scores at Times 1, 2, and 3 were not correlated with the CIHQ. This suggests that previous trauma exposure did not influence anticipatory stress or stress immediately after the event but that, as time progressed following the event, previous exposure did influence subjective stress response.
STAI scores were negatively associated with social support scores (SPS) at all time periods, as follows: STAI-1 (r = -0.271, P = 0.01), STAI-2 (r = -0.241, P = 0.01), STAI-3 (r = -0.223, P = 0.01), STAI-4 (r = -0.330, P = 0.001), STAI-5 (r = -0.317, P = 0.001). The association between self-rated stress and social support was strongest in the 2 follow-up time periods.
A regression analysis was conducted to determine the best predictors of perceived stress at Times 3, 4, and 5. Variables entered included previous exposure to critical events (CIHQ), total traumatic symptom score (IES-R), changes in cortisol level, peak heart rate, and social support (SPS). There were no significant predictors at Time 3. The significant predictors of perceived stress at Time 4 (20 minutes postscenario) were social support (t = -4.052, P = 0.001) and heart rate (t = -2.115, P = 0.05), with the model accounting for 27% of the variance. The only significant predictor of perceived stress at Time 5 (30 minutes postscenario) was social support (t = -3.309, P = 0.01), with the model accounting for 23% of the variance.
A measure of change in subjective distress between baseline and peak distress was calculated. Increases in subjective anxiety were significantly correlated with the IES-R Avoidance subscale (r = 0.273, P = 0.01), the IES-R Intrusion subscale (r = 0.273, P = 0.01), and the IES-R total score (r = 0.265, P = 0.01).
Physiological Stress Response
Heart rate was averaged across discrete 2-minute segments of time prior to the exposure to the scenario (baseline and immediately prior to the scenario), during exposure, and after exposure (immediately after the scenario and 20 minutes postscenario). There was a significant increase in heart rate during the scenario and immediately following the scenario in comparison with the baseline and prescenario intervals according to analysis of variance with a Bonferroni post hoc test (P = 0.001, Bonferroni-corrected alpha). These results suggest increased arousal as a result of the scenario. A significant difference was also found between the scenario interval and the immediate postscenario interval (P < 0.001), suggesting that arousal levels decreased immediately following the end of the scenario. The average heart rate during the 20minute postscenario interval was significantly lower than the average heart rate during the scenario (P < 0.001) and the immediate postscenario intervals (P < 0.001), and significantly lower than the average heart rate during the baseline (P < 0.001) and immediate prescenario (P < 0.001) intervals. These results suggest that the participants' average heart rate returned to the prescenario baseline within 20 minutes following completion of the simulated scenario. Further, the results suggest that the participants possibly experienced some anticipatory arousal. No significant differences in average heart rate were observed during the baseline and immediate prescenario intervals. This suggests that the anticipatory arousal did not increase significantly as the participants approached the time to begin the scenario.
The average peak heart rate in this study was 90 bpm. Previous studies examining heart rate in stressful situations find heart rates that range from 75 to 90 in laboratory situations. 41 Such situations include mental arithmetic at 75 bpm 42 ; negative feedback during a laboratory task at 87 bpm 43 ; videotaped speech and problem solving at 79 bpm 44 and 87 bpm 45 ; and couple discussions of marital conflict at 90 bpm. 46 In a highstress study examining first-time tandem parachute jumps, bpm reached 140. 47 Thus peak heart rate in this study was higher than in laboratory tests, lower than in parachute jumping, and equal to marital conflict.
A measure of change in heart rate was calculated as the difference between baseline heart rate and the heart rate during the scenario. Heart rate increase was not associated with previous trauma exposure (CIHQ) or trauma symptoms as measured by the IES-R. Increase in heart rate was significantly associated with increase in cortisol levels (r = 0.308, P < 0.05).
Peak cortisol levels following the scenario were significantly higher than the cortisol levels at baseline (P < 0.001).
A measure of change in cortisol level was calculated as the difference between baseline and the peak level postscenario. Increases in cortisol level from baseline to peak were positively correlated with increases in subjective anxiety (r = 0.228, P = 0.05). Increases in cortisol level were also significantly correlated with baseline cortisol level (r = 0.800, P = 0.001).
Discussion
This study examined the association between prior traumatic exposure related to policing, current posttraumatic stress symptoms and biological markers of stress, and subjective appraisal of stress before, during, and after exposure to acutely stressful stimuli. A stressful policing situation was created through the use of a video simulator room (FATS) that was responsive to actions of the participant. Response of participants to the simulated emergency was evaluated by monitoring heart rate, collecting salivatory samples for cortisol analysis, and repeated administration of a subjective measure of anxiety (the STAI). Mean scores on the STAI peaked immediately following exposure to the scenario and then declined in the recovery period. Mean heart rate peaked during the scenario and returned to normal within 20 minutes following exposure. Consistent with previous research on cortisol response to stress, 18, 21 cortisol scores peaked 20 to 30 minutes following the exposure. As such, these findings provide support for the use of simulators as a means of eliciting both biological and psychological stress response and as a proxy for high-stress workplace events.
Police recruits in this sample had only been with their current police force for an average of 9 weeks with a range of 4 to 104 weeks. Nevertheless, in this recruit sample we discovered considerable exposure to traumatic events related to police work as measured by the CIHQ for policing. While this may in part have been a self-selection bias, the letter requesting participation referred only to stress and the commitment of the OPC to assisting with stress management; thus, there was no indicator that the study was also interested in prior exposure to traumatic events. This parallels previous research that found that new fire recruits enter the service with considerable exposure to critical events and surprisingly high levels of traumatic symptoms. 48 In addition, levels of traumatic stress measured by the IES were consistent with cross-sectional design studies of emergency responders currently on the job. 3, 38, 40 Interestingly, however, there was no association between traumatic exposure to policing-type critical events and trauma scores, which may suggest that these young recruits had other exposures in their personal lives, leading to trauma symptoms. Otte and colleagues, 19 for instance, found that 16 of 76 police recruits in a sample collected in the United States reported childhood trauma in the interview version of the Life Stressor Checklist. A limitation of this study is that exposure to potentially traumatizing events outside the policing context was not measured.
Participants in this study were asked to rate subjective distress at baseline, just before and just after exposure to the scenario, and at 20 minutes and 30 minutes after the exposure. Self-reported psychological stress was not related to previous trauma exposure prior to the scenario or immediately after the scenario, but it was significantly associated in the follow-up period. That is, those reporting more previous exposures on the CIHQ did not differ from their peers at the highest stress periods; however, after the event, their anxiety did not diminish. This suggests that cumulative exposure to traumatic stimuli over the course of a career may increase vulnerability to prolonged stress reactions. 11 When subjective stress was calculated in terms of the change between baseline and peak anxiety, posttraumatic intrusion and avoidance symptoms and total posttraumatic symptoms as measured by the IES-R were significantly positively correlated with increase in anxiety. Thus preexisting traumatic symptoms may predispose individuals to feelings of anxiety when exposed to workplace-related critical events.
Subjective stress levels were negatively associated with social support at all periods, reinforcing previous research on the importance of strong social ties to buffer the effects of work-related stress. Again, this is consistent with other studies that underline the importance of social support in mediating stress reactions. [12] [13] [14] However, what was unique in this study is that there was no opportunity for members of the social support network to interact with the participant. This then reinforces the notion that the ability to garner and maintain social support is in fact a characteristic of the individual that is retained, regardless of availability of the support network. 49, 50 In the last period, 30 minutes after the event, social support was the only significant variable in a model predicting level of stress, potentially underlining the increased importance of social support as traumatic exposures accumulate over the course of a policing career. 42 Two biological measures of arousal were used in this study: continuous heart rate monitoring and repeated collection of salivatory cortisol levels. Neither heart rate nor cortisol increases were associated with traumatic exposure or traumatic stress scores. This is contrary to the findings of some previous studies 9,22,23 but consistent with others. 19 However, increase in heart rate and increase in cortisol levels were significantly associated with one another, and increases in cortisol levels were significantly associated with increase in subjective stress. This is not a surprising finding and reinforces the association between physiological stress responses and perceived stress. Because heart rate increase is the result of general physiological arousal-and will manifest itself when the accompanying subjective state is either positive (being excited) or negative (being anxious)-it is not surprising that it did not correlate with increased subjective anxiety. Further, baseline cortisol was highly correlated with cortisol increase (r = 0.800), suggesting that individuals with higher chronic levels of cortisol are likely to demonstrate stronger HPA activation (an indication of physiological stress) in response to acute stressors.
Conclusion
As interest in traumatic exposure and posttraumatic symptoms continues to rise, psychiatrists and other mental health professionals are increasingly being called on to assess the correlates and consequences of trauma. One group that has received attention with regard to trauma in the workplace is emergency responders. Police officers, firefighters, emergency department personnel, and paramedics are exposed to many events in the line of duty that are outside the experience of the average citizen, and thus concerns are expressed about the impact of such ongoing exposures on their physical and psychological health and, subsequently, on their ability to serve the public. In this study of police recruits with limited policing experience, we found surprisingly high levels of critical event exposure, which underlines the frequency of such exposures in police work. New recruits in this study also reported levels of posttraumatic stress symptoms consistent with those of other emergency responders, with 19% scoring in the severe range. It is clear, therefore, that a better understanding of traumatic exposure in the line of duty and of individual response to such exposure is crucial to ensure the health and well-being of these vital members of society.
This study used an experimental design to better understand the interaction between previous trauma exposure, preexisting traumatic symptoms, social support, and both psychological and biological response to an acutely stressful situation. In this study, while biological indicators of stress, as measured by cortisol level and heart rate, were associated with subjective anxiety, they were not associated with previous trauma exposure or trauma symptoms. The finding that response to acutely stressful events is relatively consistent among this group of individuals who have chosen policing as a career is important and suggests that previous exposure does not put people at increased risk of biological distress. Nevertheless, those individuals with lower levels of social support, previous traumatic exposures, and preexisting symptoms of traumatic stress were more vulnerable to psychological stress responses when exposed to a work-related critical event. The importance of these factors became more pronounced as time progressed after the event. This study thus provides experimental evidence to support previous cross-sectional design studies pointing to the cumulative negative effects of traumatic exposure on psychological health.
Résumé : L'exposition antérieure à un trauma et les symptômes d'un TSPT comme prédicteurs d'une réponse subjective et biologique au stress
Objectif : Les effets immédiats et à long terme d'une exposition traumatique et les réactions post-traumatiques subséquentes au stress chez les personnes occupant des emplois à risque élevé sont bien documentés. L'effet de cette exposition traumatique et des symptômes de stress traumatique subséquents sur la réponse des travailleurs à une situation de stress aigu est moins évident. Cette étude a examiné l'association entre l'exposition traumatique antérieure reliée au travail de police, les symptômes de stress post-traumatique actuels et les marqueurs biologiques du stress, et l'évaluation subjective du stress avant, pendant et après l'exposition à des stimuli stressants de façon aiguë.
Méthode : Une situation de police stressante a été créée en utilisant une pièce de simulation par vidéo. Les réponses des participants à la situation d'urgence simulée ont été évaluées par le rythme cardiaque, la collecte d'échantillons de salive pour l'analyse de cortisol, et l'administration répétée d'une mesure subjective de l'anxiété.
Résultats : Les indicateurs biologiques de stress, mesuré par le taux de cortisol et le rythme cardiaque, n'étaient pas associés à l'exposition antérieure au trauma ou aux symptômes traumatiques, cependant, la réponse biologique était associée à l'anxiété subjective. La vulnérabilité des réponses psychologiques au stress durant une situation de stress aigu était également associée à de faibles taux de soutien social, à des expositions traumatiques antérieures, et à des symptômes préexistants de stress traumatique. L'importance de ces facteurs est devenue plus marquée à mesure que le temps s'écoulait après l'événement.
Conclusion : L'exposition traumatique antérieure ne plaçait pas les gens à risque accru de détresse biologique durant une situation de stress aigu. Toutefois, le trauma antérieur et le soutien social réduit étaient associés à une détresse psychologique continue, confirmant la recherche précédente et soulevant des préoccupations quant aux effets négatifs cumulatifs de l'exposition traumatique sur la santé psychologique des agents d'intervention.
